High mortality rates among people who inject drugs (PWID) living with human immunodeficiency virus (HIV) has been well documented, with drug overdose and HIV/AIDSassociated conditions the leading causes of death, largely as a result of suboptimal access to HIV care [1] . However, there is scant literature examining the impact of recent efforts to expand access to antiretroviral therapy (ART), as prioritized in the United Nations Joint Programme on HIV/AIDS (UNAIDS) 2014 global HIV/AIDS strategy [2] , on mortality among this population.
In Vancouver, British Columbia, Canada, extensive "seekand-treat" HIV treatment interventions have been implemented through the local universal healthcare system over the past 2 decades. We sought to identify rates, causes, and predictors of mortality among HIV-infected PWID in this setting between 1996 and 2014.
METHODS

Study Design
Data were derived from the AIDS Care Cohort to evaluate Exposure to Survival Services (ACCESS), a prospective cohort study of HIV-infected people who use illicit drugs in Vancouver, Canada. Recruitment and data collection procedures have been described in detail elsewhere [3] . In brief, beginning in 1996, participants were recruited through self-referral and streetbased outreach. Inclusion criteria included age ≥18 years, residence in the greater Vancouver area, HIV seropositivity, use of illicit drugs (other than cannabis) in the previous month, and written informed consent.
At baseline and semiannually thereafter, participants completed an interviewer-administered questionnaire soliciting data on demographics, drug use patterns, and other characteristics and exposures. At each visit, individuals also provided blood samples for serologic analyses (ie, hepatitis C virus [HCV] antibody seropositivity) and HIV clinical monitoring, and were compensated 30 Canadian dollars. Through a confidential linkage with the provincial Drug Treatment Program, a complete clinical profile of all CD4 T-cell counts, plasma viral load (VL) observations, exposure to antiretroviral agents, and treatment outcomes for each participant were obtained. In British Columbia, provision of all HIV treatment is centralized through a province-wide dispensary. All HIV/AIDS treatment and related care including all medications are provided at no cost through the province's universal healthcare system. The ACCESS study has been approved by the University of British Columbia/Providence Health Care Research Ethics Board.
For this study, participants who completed the baseline visit and at least 1 follow-up visit between 1 May 1996 and 31 May 2014 and who reported having ever injected drugs at baseline or having initiated injecting during follow-up were eligible.
Measures
We ascertained mortality rates and underlying causes of death through a confidential record linkage with the British Columbia Vital Statistics Agency using each participant's unique and persistent identifier issued to all residents of British Columbia. The Vital Statistics database recorded causes of death according to the International Classification of Diseases, 10th Revision. Based on previous studies [1, 4] , we classified causes of death into the following 6 categories: HIV-related, overdose, liver-related, other accidental, other nonaccidental, and unknown causes (Supplementary Table 1 ).
For the analysis of predictors of death, the primary endpoint was all-cause mortality. We considered a range of explanatory variables that we hypothesized might be associated with time to mortality. Fixed variables included calendar year of study enrollment; self-reported ethnicity/ancestry (white vs others); and time since first initiation of injection drug use at baseline. The remaining variables referred to the 6-month period prior to each interview and were treated as time-varying variables. Of these, demographic and drug-using variables included age (per 10 years older); at least daily heroin injection; at least daily cocaine injection; at least daily methamphetamine injection; at least daily prescription opioid use (eg, street methadone, morphine); at least daily crack smoking; any cannabis use; and at least daily alcohol use. Social, structural, and environmental exposures included unstable housing; engagement in sex work; the cumulative number of incarceration events between baseline and up to the follow-up assessment (>5 times, 3-5 times, 1-2 times vs never); enrollment in opioid agonist therapy (OAT) including methadone and buprenorphine-naloxone; and enrollment in addiction treatment other than OAT (eg, outpatient treatment, counseling, detox, residential treatment programs, drug treatment courts). In British Columbia, naltrexone is not widely used as opioid antagonist therapy, compared with OAT, as oral naltrexone is the only formulation available and is not covered through the universal health insurance. Enrollment in naltrexone treatment would be captured in the variable "enrollment in addiction treatment other than OAT. " Clinical variables included HCV seropositivity; ART access and plasma HIV-1 RNA VL (defined as ≥1 day dispensed ART and VL of <50 copies/mL vs ≥1 day dispensed ART and VL of ≥50 copies/mL vs no days dispensed ART in the past 6 months); years since the first record in the registry; and initiating highly active antiretroviral therapy. We measured VL in each 6-month period as the median of all observations, or if there were none in a specific period, the closest observation to the 6-month period (within 365.25 days). The derived VL value was deemed as either nondetectable (<50 copies/mL) or detectable (≥50 copies/mL). Other variable definitions were also consistent with our previous work [3, 4] .
Statistical Analyses
Given the known sex/gender-based differences in mortality among PWID [1] , all analyses were stratified by sex (female vs male). For each cause of death, we calculated a crude mortality rate and a 95% confidence interval (CI) for the entire and sex-stratified samples, using the Poisson distribution. Then, we fit age-adjusted Poisson regression models including sex as the primary independent variable to calculate age-adjusted mortality rate ratio for each specific cause among women compared to men. To determine if the age-adjusted rates of mortality from all causes and 3 common causes have changed since the expansion of HIV treatment interventions in this setting, we subsequently fit sex-stratified age-adjusted Poisson regression models including calendar-year intervals [5, 6] .
Next, we used Kaplan-Meier methods and the log-rank test to estimate and compare survival probabilities between men and women. Then, we used sex-stratified extended Cox regression to identify factors associated with time to all-cause mortality. As in a previous study [4] , we used a priori-defined manual backward modeling procedure to construct multivariable extended Cox regression models. We selected models with the lowest Akaike information criterion value. All P values were 2-sided. All statistical analyses were performed using SAS software version 9.4 (SAS Institute, Cary, North Carolina).
RESULTS
Study Sample
In total, 961 participants were eligible for the present analyses and were followed for a median of 63.8 (interquartile range [IQR], 41.4-97.9) months. The median age at baseline was 39.4 (IQR, 32.2-45.6) years, and 353 (36.7%) were female. Other baseline characteristics stratified by sex and ART initiation before and after 2010 are presented in Supplementary Tables 2 and 3 .
Rates, Causes, and Trends of Mortality
During follow-up, 297 deaths occurred, yielding a crude mortality rate of 4.6 (95% CI, 4.1-5.1) deaths per 100 person-years. The 3 most common causes of death were identical in both sexes: HIV-related (43.4%), other nonaccidental causes (eg, respiratory and circulatory diseases, neoplasms; 20.5%), and overdose (19.2%). The Kaplan-Meier analysis showed no statistically significant difference in the cumulative survival probability between men and women (log-rank P = .71). There was also no statistically significant difference in age-adjusted all-cause mortality rates between the sexes (adjusted rate ratio [ARR], 1.04 [95% CI, .82-1.31]). However, liver-related mortality rates were significantly lower among women (ARR, 0.28 [95% CI, .08-.99]). Detailed rates and causes of mortality are presented in Supplementary Table 4 .
Supplementary Figure 1 depicts mortality rates for all-cause and the 3 common specific causes over the 3 calendar-year intervals. As shown, all-cause mortality rates per 100 person-years dropped from 6.0 (95% CI, 5.1-7. 
Predictors of All-Cause Mortality
In multivariable extended Cox regression analyses of all-cause mortality ( 
DISCUSSION
Our results suggest that the scale-up of "seek-and-treat" HIV treatment interventions beginning in 2010 [6] have served to significantly reduce HIV-related mortality among our community-recruited cohort of 961 PWID living with HIV in this setting. As expected, in multivariable survival analyses, those who were receiving ART and maintaining their VL to undetectable levels had almost half the hazard of death compared to those who were not receiving ART; however, the mortality benefit of ART was not confirmed when VL was ≥50 copies/mL. Therefore, helping HIVinfected PWID maintain their VL at undetectable levels is an important area to direct future efforts to further reduce mortality.
The finding that HIV-related mortality has declined among both men and women is particularly encouraging, as previous studies have reported poorer access and adherence to ART and persistently high HIV-related mortality among female PWID in this setting [4, 7] . However, sex-based differences remain in that there were no reductions in overdose or other nonaccidental mortality among women, unlike among men. On the other hand, men had higher liver-related mortality rates than women. Moreover, the finding that the self-identified white ethnicity/ ancestry was an independent predictor of death among men was somewhat counterintuitive in this setting where Indigenous populations have had lower access to ART until recently [8] . Future research should further examine the potential benefits of expanded access to comprehensive HIV care beyond HIVrelated morbidity and mortality and identify the gap in care among PWID living with HIV.
Of note, high-intensity prescription opioid use independently predicted mortality among men. Recent US studies reported high rates of prescription opioid use among individuals living with HIV [9, 10] , and long-term prescription opioid use has been shown to increase the mortality risk among this population [11] . Investigating how different patterns of prescription opioid use increase the mortality risk remains a topic for future research.
This study has several limitations. First, ACCESS participants were not randomly recruited, and therefore generalizability may be limited. Second, the self-reported data may be affected by reporting biases. However, we note that this type of data has been commonly utilized in observational studies involving PWID and has been found to be valid [12] . We also note that several measures of interest, including mortality, HIV/AIDS clinical monitoring, and ART dispensation, were acquired through comprehensive administrative databases in a setting of no-cost universal medical care. Third, as with all observational studies, the relationships between the explanatory variables and .015
All models adjusted for age.
Abbreviations: ARR, adjusted rate ratio; CI, confidence interval; PWID, people who inject drugs.
a Includes circulatory disease, respiratory disease, neoplasms, etc.
outcome assessed may be under the influence of unmeasured confounding. While we sought to address this bias with multivariable adjustment of the key predictors of survival, there may be residual confounding.
To conclude, our results demonstrate that HIV-related mortality rates have declined significantly since 2010, coincident with the scale-up of a community-wide "seek-and-treat" campaign to engage members of traditionally hard-to-treat groups in HIV treatment. High-intensity prescription opioid use predicted mortality among men, indicating a need to address factors shaping harms from prescription opioid use among this population.
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